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ABSTRACT
Rhyolitic volcanic and volcaniclastic rocks found in or on the margins
of Tertiary basins that contain sandstone-type uranium deposits are consi
dered by many workers to be the source rocks for the uranium.

In south

western Montana and adjacent Idaho three volcanic areas were mapped and
evaluated by geochemical analysis. X-ray diffraction and petrographic
studies to determine if the volcanics are good source rocks for uranium
deposits in nearby Tertiary basins.

Area I volcanics, south of Dillon,

Montana, have radiometric ages, uranium, thorium and fluorine contents and
petrography similar to the Post-Lowland Creek Volcanics in the Boulder
Batholith region and are tentatively correlated with them.

Area II volcanics,

south of Salmon, Idaho, were locally erupted and are a small satellite field
separate from the main Challis Volcanic field.

Area III volcanics, south of

Salmon, Idaho, along the gorge of the Salmon River, lie on the northeast edge
of the main Challis field.
Comparisons of the average uranium, thorium and fluorine contents of
rhyolites and tuffs indicate that the uranium and thorium may have been lost
as volatile fluoride complexes during eruption.

Although some uranium may

have been lost from tuffaceous rocks soon after their eruption, geochemical
data suggest that uranium is not mobile during diagenetic alteration of the
tuffs to clays and zeolites.

The formation of the clays and zeolites may

inhibit the migration of uranium by either lowering the permeability of the
rock or by adsorption of uranium.

This conclusion is supported by the

observation that present-day groundwaters associated with tuffaceous sediments
contain low uranium concentrations and are strongly undersaturated with

i

respect to uranium.

Hydrothermal solutions leached significant amounts of

uranium from the welded tuffs near Ennis, Idaho.

This uranium apparently

was deposited in lignite-bearing beds within a nearby tuffaceous sandstone.

ii
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INTRODUCTION
The formation of stratabound uranium deposits in sedimentary basins
requires the presence of a suitable source rock for the uranium, a hydrologic
system to allow transport and the presence of a reducing environment for
precipitation.

The present study focuses on the first of these, the source

rock.
Rhyolitic volcanic and volcaniclastic rocks, typically found in or on
the margins of fault-bounded Tertiary basis that contain sandstone-type
uranium deposits, are considered to be possible sources of the uranium
(Granger and Warren, 1978; DeVoto, 1978a).

In this study an attempt is

made to evaluate this possibility through mapping, geochemical analysis,
petrographic study and X-ray diffraction study of volcanic and volcaniclastic
sediments.
Location
Three volcanic areas with associated Tertiary basins in southwestern
Montana and adjacent Idaho were studied in detail (Figure 1).
areas are:

Area I, south of Dillon, Montana (Figure 2);

The three

Area II, south of

Salmon, Idaho (Figure 3); and Area III, along the gorge of the Salmon River,
south of Salmon, Idaho (Figure 4).

These areas were chosen for study because

they contain well-exposed flows and tuffaceous rocks that lie adjacent to
Tertiary basins that are possible sites of epigenetic stratabound uranium
deposits.

Previous Geologic Investigations
The volcanic rocks near Dillon, Montana, to the south of Area I (see
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FIGURE 1.

Location map of the areas included in this study.
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Figure 2) were divided by Scholten et
older sequence.

(1955) into a younger and an

The older sequence, the Cook Ranch volcanics consists of

rhyolitic tuffs, tuffaceous sediments and rhyolitic flows.

The younger

sequence, the Medicine Lodge volcanics overlies the Cook Ranch volcanics
and consists of intermediate and mafic lava flows.

Lowell (1965) correlated

these volcanic sequences with the volcanic rocks found in Area I where an
older sequence of rhyolitic tuffs, tuffaceous sediments and rhyolite flows
is overlain by intermediate and mafic flows.
In Area I, the volcanics overlie the following formations:

the

Mesozoic Dinwoody Formation, Kootenai Formation and Colorado Shale and the
Paleocene Beaverhead Conglomerate (Geach, 1972; Lowell, 1965).

Chadwick

(1978) dated the rhyolites in Area I as Oligocene (38.9 Ma) and informally
named them the Beaverhead volcanics.

Siems

(1979) considered the

volcanics to be Challis equivalents; however, their radiometric age suggests
that these rocks are more closely related to the post-Lowland Creek volcanics
near Helena, Montana, which were dated by Chadwick (1978) as ages of 36.9
to 35.8 Ma.
The volcanic rocks south of the west-flowing fork of the Salmon River
and north of the Snake River Plain (including Areas II and III of the
present study) were named the Challis Volcanics by Ross (1927, 1937, 1961).
Ross (1937) divided the Challis Volcanics into two members; a lower latiteandesite member and an upper member, which consists of latite and rhyolite
flows with minor andesite and basalt, Both members uncomformably overlie
the quartzites and phyllites of the Belt Supergroup (Ross, 1937; Anderson,
1956, 1957, 1959).
In the Salmon Basin (including Area II of the present study) Anderson
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(1956, 1957, 1959) described five Tertiary Formations.

The Eocene Kriley

Formation, located in the northern part of the basis, consists of fluvial
conglomerate and sandstone with minor tuffaceous horizons, and rests
unconformably on the Belt Supergroup.

The Challis volcanics unconformably

overlie the Kriley Formation in the northern part of the basin and the Belt
Supergroup in the southern part of the basin.

Armstrong (1974) dated the

Challis volcanics as Eocene with an age range of 49 to 43.8 Ma and considered
them to be a part of a Post-Laramide regional collapse structure with a
northwest trend.

Hyndman et

(1977) considered the Challis volcanics to

be the southwest extension of a major northeast-trending swarm of Eocene
dikes that extend to the Lowland Creek Volcanics in the Boulder Batholith
region.
Three post-Challis Formations are present in the Salmon Basin (Anderson,
1959).

The Geertson, Kehhey and Kirtney Formations are composed of tuffaceous

conglomerate, sandstone and siltstone with minor lignite beds.

Tuffaceous

and lithic material in these formations was derived from the Challis
volcanics (Anderson, 1959).

Anderson (1959) dated the Geertson Formations

as Late Oligocene and the Kenney and Kirtney Formations as Early to Middle
Miocene.
Part of the Salmon Gorge and Pahsimeroi Valley (including parts of
Area III of the present study) were mapped and considered a part of the
Challis volcanics by Rember and Bennett (1979) and McIntyre and Hobbs (1978).

Previous Investigation of the Economic Geology
No previous uranium studies have been conducted in Area I.

Areas II

and III attracted some attention during the uranium boom of the l950's.

8

Trites and looker (1953) considered the Challis vblcanics a good prospect
for primary and secondary uranium mineralization.

Shockey and Oref (1958)

and Anderson (1956, 1958) examined the uranium potential of the Donna Lou
and Deh-Dah-Doe claims in the Seven and Eight Mile Creek region of Area II.
They found uranium associated with hematite, clay and chalcedony in the
vugs and fractures within a rhyolite flow.

The claims produced several

tons of 0.25 percent UsOg, the first commercially produced uranium in Idaho.
Within the Salmon Basin, Anderson (1956, 1958) noted the occurrence of
uranium associated with organic debris in the Kenny and Kirtney Formations.
The uranium occurrences in Area II are not sufficient in size or ore grade
to support active mining today.
Other uranium occurrences associated with Challis volcanics are present
in two nearby areas.

Della Valle (1975) studied the uranium mineralization

in a fault zone within Belt rocks in the Suprise Mine, north of the Salmon
Basin, near Gibbonsville, Idaho.

The uranium was derived by low temperature

epigenetic processes from Challis volcanics that unconformably overlie the
Belt rocks (Della Valle, 1975).

In the Stanley Basin region of Idaho, south

of the areas in the present study, Kern (1959) described uranium associated
with fractures in the Challis volcanics and pre-Challis sedimentary units
and concluded that the mineralization was contemporaneous with the emplacement
of the Challis volcanics.
During the past five years, uranium exploration and drilling projects
have been conducted in the Challis volcanics within the Salmon Basin and
Pahsimeroi Valley (Ennis Gulch) by Phillips Uranium Corporation, Exxon
Minerals and the Washington Public Power Supply System.

Scope of the Present Study
The most important aims of the present study are:
(1)

To map the geology of the areas in this study.

(2)

To identify units that are rich in uranium and are potential
source rocks for uranium deposits.

(3)

To attempt to correlate flow rocks with comagmatic pyroclastic
and volcanidastic units on the basis of mineralogy of the rocks
and by comparison of thorium, titanium, zirconium, and chromium
trace element compositions.

(4)

To compare the uranium content of tuffaceous units as a function
of alteration intensity, in order to determine whether appreciabl
amounts of uranium have been leached from the rocks during
alteration.

(5)

To examine present-day groundwater geochemistry to determine if
any uranium is being leached from tuffaceous units today.

The above considerations will help to assess rhyolitic flows and tuffs
as sources of uranium for epigenetic stratabound uranium deposits in the
Tertiary basins of southwestern Montana and east-central Idaho.
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METHODS
Mapping and sampling for this study were conducted during two months
of the summer of 1979.

Field work was a part of the United States Department

of Energy's National Uranium Resource Evaluation (NURE) program and was
done with the support of Geoexplorers Associates International, a NURE
sub-contractor responsible for the Dillon and Dubois 1:250,000 quadrangles.
Whole rock and clay fraction (<2ym) of 27 samples were examined by
X-ray powder diffraction techniques using a GE XRD-5 apparatus.

Samples

were scanned using Ni-filtered Cu radiation with a 2° 20/minute scanning
rate.

Whole-rock samples were ground in a ball mill and sieved through a

lOOym nylon screen, then pressed into aluminum front-pack loading mounts.
XRD scans of 2°-35°29 were made.

The clay (<2ym) fractions were separated

by ultrasonic disaggregation in distilled water.
for 4 minutes a 1,000 rpm.

Samples were centrifuged

Clays were mounted on porous ceramic plates by

suction producing oriented aggregate mounts.

Clay samples were scanned

from 2°-35°20 for air dried mounts; and 2°-15°20 for glycolated treated
samples and samples heated to 300° and 550°C.
Sixty four whole rock samples were analyzed for uranium, thorium,
fluorine, lithium, chromium, zirconium and titanium by Geolabs, Inc. of
Golden, Colorado.

Samples analyzed for uranium were decomposed by nitric-

perchloric acid digestion and measured in duplicate by pellet fluorimetry
using an added spike of uranium in a second aliquot.

Thorium values were

determined by decomposing the sample by metaborate fusion at 1,000°C,
separation of the thorium by solvent extraction and spectrophotometric
measurement of the thorium by Arsenazo III complex.

Fluorine analyses

were obtained by decomposition of the sample in a sodium carbonate-potassium

n
nitrate fusion at 700°C; measurement was done by a fluoride-specific
electrode.
1 tiU LT'UUt^.

Lithium and chromium values were obtained by decomposition of
LlLmum dHG CnrOHIlUrn VSiUGS WGTG OOLdintfU uy

1 C, i

-

the sample in nitric-perchloric-hydrofluoric acid; measurements were done
: c ", d ' r r . C “■--C rc d . U r . L - "P- df: ... '
t^
uC’’-r.by atomic absorbtion spectrometry. Zirconium analyses were determined by
decomposition of the sample in metaborate fusion at 1,000°C and measured
by direct aspiration atomic absorbtion spectrometry.

Titanium values were

obtained by decomposition of the sample in nitric-perchloric-hydrofluoric
acid and were measured by atomic absorbtion spectrophometry after complexing
with dianti prylmethane (the chemical).
W5'C.'' Glci'''! pry ; G't; ;G'idrit . G'G ', £jV'CG : ; .
Standard thin section petrographic techniques were used in this study
Stancci "C t
seci \
Gcv.''oorapr,':c techniques were usee ,n lin;.:
to determine rocktypes and the lateration of the rocks. Fines scraped
■TO ecte'':: '"c rock tyoes ano tne " accr'anicn
the rockn
'- ^nes scr.-.Ded
from tuffs and tuffaceous sediments were studied under a polarizing micro-

froai tuffs and tuffaceous Ged'hnents were studied under a pc';arizing mic'^o-scope to determine if fresh glass shards were present in the samples.

scope to determine if fresh glass snards were present in the samples.
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RESULTS
Geology of Area I
The Tertiary volcanics south of Dillon, Montana, unconformably overlie
Miesozoic and Pal eocene sedimentary rocks.

The volcanics were erupted onto

a surface of considerable topography with some of the basement rocks exposed
as isolated paleohills within the volcanics.

The geology of Area I is shown

on a map and cross-section in Figure 5 (in the back pocket).

Phenocryst

compositions for Area I rocks are shown in Table 1.

Table 1.

Phenocryst composition by visual estimation of Area I volcanic rocks.

Sample
Number

Rock Type

Ph/GM

Q

P

S

bio

MIE 074

rhyolite

3/7

A

M

M

m

MIE 075

rhyolite

3/7

A

M

M

m

MIE 088

rhyolite

5/5

A

M

A

t

MIE 090

basalt

2/8

M

M

M

mt

MIE 096

basalt

3/7

M

M

M

mt

MIE 097

rhyolite

2/8

A

MIE 099

rhyolite

5/5

M

m
A

MIE 100

rhyolite

3/7

A

M

hb

cpx

opx

ol

other
Mt, qp.
zr, mt. ch

m
m
A

m

t

mt, zr, ap

PH/GM = groundmass-phenocryst ratio; Q = quartz; P = plagioclase; S =
sanidine; bio = biotite; hb = hornblende; opx = orthopyroxene; cpx =
clinopyroxene; ol = olivine; mt = magnetite; zr = zircon; ch = chalcedony;
cc = secondary calcite; chi = chlorite; ap = apatite; hm = hematite.
A = >40%; M = 20-40%; m = 520%; t = trace. (These symbols and abbreviations
also apply to Tables 2 and 3.)

The pre-volcanic units observed in Area I are the Mesozoic Dinwoody and
Kootenai Formations and the Paleocene Beaverhead Conglomerate.

The Dinwoody

and Kootenai crop out on the east side of the Beaverhead River, south of its
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confluence with Grasshopper Creek and as isolated occurrences in the Rattle
snake Hills area north of Grasshopper Creek.

The Dinwoody Formation consists

of gray and gray-brown siltstone, fine-grained sandstone and brown weathered
limestone.

The Kootenai Formation consists of gray gastropod-bearing

limestone and gray argillaceous limestone.

The Beaverhead Conglomerate,

which crops out to the west and southwest of Area I, has a distinctive red
color and is composed of rounded cobbles and boulders of limestone, sandstone
and shale in a fine-grained sandstone matrix.

The materials that compose

the Beaverhead Conglomerate were derived locally from pre-Tertiary sedimen
tary units in the region.
The Tertiary volcanics in Area I are divided into two sequences:

a

lower sequence of rhyolitic ash-flow tuffs, tuffaceous sediments and rhyolite
flows;

and an upper sequence of basaltic lahars and sediments, basaltic

tuffs and basalt and andesite flows.

Chadwick (1978) dated the rhyolites

as Oligocene with a radiomateic age of 38.9 Ma.
Lower Rhyolitic Sequence
The lower sequence of rhyolitic volcanics and volcaniclastic rocks has
been studied in detail in lower Grasshopper Creek, upper Grasshopper Creek,
the Rattlesnake Hills area, to the northwest of the Rattlesnake Hills, and
on the margin of the basin (see Figure 5 for the locations).
In the lower Grasshopper Creek area, the oldest Tertiary volcanics in
area I are well indurated, ash-flow tuffs which crop out on both sides of
Grasshopper Creek.

Three separate ash-flow tuffs can be distinguished along

Grasshopper Creek, with a total thickness of at least 38 meters (see Figure
6).

The lowest of these flows, the base of which is not exposed, is 11+

meters thick and consists of white-tan pumaceous tuff with accidental
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7.8 m

Middle ashflow tuff unit, with
quartzite and limestone clasts;
pumice; feldspar, regular and
smoky quartz, minor biotite and
hornblende.

■■ •-• ■•

11+ m

fT " A

Lower ashflow tuff unit, with
quartzite and limestone clasts
decreasing upward; feldspar,
hornblende, quartz and minor
magnetite. Bentonite (3-5 cm)
at the top.

Pre-Tertiary Sedimentsj^

FIGURE 6.

Stratigraphic col umn. Grasshopper Creek (TBS, RlOW, sec. 26).

15

quartzite and limestone clasts in a matrix of tuff, feldspar, qMSftz and
minor hornblende and magnetite,

The size and abuntJanoe of the IttKiq

fragments decreases upwards in the flow.

The top of the flow is marked by

a 3-5cm thick layer of light gray bentonite.
The middle ash-flow tuff unit is similar to the lower ash-flow except
for the presence of biotite and the decreasing amount of quartz and pumice
towards the top of the flow.

The upper ash-flow tuff is stmtlar to the lower

ones but has an even distribution of lithic fragments and pumice throughout.
The top of the ash-flow tuff sequence is marked by a tuffaceous sandstone
which is uncomformably overlain by the upper sequence basalts,
In upper Grasshopper Creek, within Area I, a 209+ meter sequence of
ash-flow tuffs, rhyolitic and basaltic lahars and laoustrtne sediments are
unconformably overlain by basalt-bearing lahars, fluvial sediments and
basalt flows (Figure 7).

The lowest exposed unit in this section is an ash-

flow tuff similar to the ones described in Figure 6.

Above the ash-flow

tuff is a 1 ahar composed of rhyolitic clasts in a tuffaceous matrix.

The

rhyolitic material in the lahar was derived from the rhyolite domes in the
Rattlesnake Hills area.

Overlying the lahar is an 8 m-thick layer of

tuffaceous sediments which mark the top of the lower rhyolitic sequence in
this part of Area I.
To the northwest of the Rattlesnake Hills rhyolite domes is a 156+ mthich sequence of tuffaceous siltstone and sandstone that dip 5-10 degrees
to the northeast (Figure 8) and lie above and below a lens of rhyolite
towards the Argenta Flats basin.

Grains of quartz, feldspar, biotite and

rhyolite fragments are present in the sediments.

Locally, the tuffaceous

sediments are very permeable except where they contain calcareous cement.

Basalt, gray aphyric

Cross-bedded fluival sediments
with abundant basaltic material,
basaltic bombs
Lahar composed of basaltic clasts
in a matrix of tuffaceous sediment.
Tuffaceous lacustrine sediments
Lahar composed of rhyolitic clasts
in a matrix of tuffaceous sediments.
Ash-flow tuffs, poorly welded with
pumice and lithic fragments in a
tuffaceous matrix.

Pr«-Tertiary Sediments],

FIGURE 7.

Stratigraphic column. Grasshopper Creek (T8S, RlOW, Sec. 22).
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The rhyolites in Area I form domes on both sides of the Beaverhead
River in the Ragglesnake Hills area and crop out as a flow within the
tuffaceous sediments to the northwest (see Figure 8).

The rhyolites are

red and red-brown in color with an average phenocryst-to-groundmass ratio
of 3/7.

The rhyolites contain phenocrysts of euhedral sanidine, subhedral

to anhedral quartz (some smoky), plagioclase, minor biotite and accessory
magnetite, zircon and apatite.

The groundmass is composed of fresh, red

glass with small fragments of the phenocrysic minerals.

Locally, the

rhyolites are flow banded and contain amygdules of secondary opal and
chalcedony.

Small, isolated pockets of tuff and tuff breccia occur within

the rhyolites in the Rattlesnake Hills area.

A typical sample from the

Rattlesnake Hills rhyolite dome is shown in Plate 1.
Upper Basalt and Intermediate Sequence
After the eruption of the ash-flow tuffs and rhyolites, significant
erosion developed a topography of considerable relief (up to 315 meters)
in the Tertiary and pre-Tertiary rocks of Area I.

Basaltic and andesitic

lava flows were extruded onto this surface which may have included some
lakes.

Outcrops of the upper sequence of the basaltic and andesitic

volcanics occur to the west of the crest of the Rattlesnake Hills (see
Figure 7) and to the south of Grasshopper Creek on the tops of the hills and
along the Beaverhead River.

In the Grasshopper Creek area, the onset of

basaltic and andesitic yolcanism is marked by the deposition of a 25 m-thick
lahar with abundant basaltic clasts and a 15 m-thick section of lacustrine
sediments with basaltic bombs (see Figure 7).
unconformably overlie the rhyolitic rocks.

Elsewhere basalt flows

Interbedded tuffaceous sandstone and
siltstone, sandstone cemented with cal cite.

Tuffaceous siltstone, poorly exposed.

Lenses of rhyolitic flow, from the dome area.

Tuffaceous sandstone with quartz and feld
spar grains.
Tuffaceous sandstone with lenses of con
glomerate.
Tuffaceous sandstone with quartz, feldspar
and biotite grains. Possible correlation
with the tuffaceous sandstone in T8S, RlOW,
sec. 26 (Figure 6).

FIGURE 8, Stratigraphic column of Tertiary sediments to the northwest
of the rhyolitic domes. (T8S, RlOW, secs. 11 and 14).

PLATE la* Photomicrograph of Area I rhyolite, sataple MIE OJlip
with quartz (q), plagioclaae (p), sanadihe (s) and blotite (b),
plane polarized light, 2$X magnification*

PLATE 1b# Same as aboveyWith crossed nlehols*
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The basalt and andesite flows in Area I are flat lying and generally
cap hilltops.

On the western margin of the Rattlesnake Hills area, basalt

flows lap onto the eroded surface of the rhyolite dome (see Figure 9).
Seventeen separate basalt and andesite flows are discernable south of
Grasshopper Creek along the Beaverhead River.

Most of the basalt flows are

dark gray or maroon in color and are aphyric.

Where phenocrysts are present

they include pyroxene, plagioclase and minor magnetite (see plate 2).
Andesites are light to dark gray in color with phenocrysts of plagioclase,
pyroxene and minor hornblende.

Within the basalt flows to the north of

Grasshopper Creek are several east-west striking dike-like features of iron
stained basalt breccia that protrude above the surrounding flows.

These

may be the vents from which the basalt flows were extruded.
The presence of a rhyolite flow within the tuffaceous sediments
northwest of Rattlesnake Hill (Figure 8) and the rhyolitic material in the
lahar in upper Grasshopper Creek (Figure 7) suggest that the eruption of
the rhyolites was concurrent with the deposition of the tuffaceous sediments
in the lower volcanic sequence.

The tuffaceous sandstone at the top of the

ash-flow tuffs along lower Grasshopper Creek (Figure 6) may be correlative
to the tuffaceous sandstones found to the northwest of the Rattlesnake Hills
(Figure 8),

The deposition of tuffaceous sediments which were derived from

the ash-flow tuff units continued during the druption of the basalticandesitic sequence as is evidenced by the basalt-bearing lahars and tuffaceous
sandstones.

Figure 10, a composite diagram of Figures 6, 7, 8 and 9 shows

the relationship between the upper and lower volcanic sequences and units
that may be correlative in Area I,
Structurally, Area I is simple.

The most important structural feature

in Area I is the unconformaty between the lower and upper volcanic sequences.

maximum thickness of 106 m
Basalt and andesite flows

Rattlesnake Hills rhyolite

Ashflow tuff

FIGURE 9. Stratigraphic column of the Rattlesnake Hills area
(T8S, RlOW, sec. 24).

n

PLATE 2a, Photomicrograph of an Area I basalt, sample MIE 096,
with phenocrysts of nlagioclase (p),and pyroxene (px), plane
polarized light, 25X magnification.

PLATE 2b, Same as above, with crossed nichols.

h

II
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FIGURE 10. A composite of the stratigraphic columns in Figures 6, 7, 8,
and 9 showing the correlation of the various units.
Symbols:

source of rhyolitic debris
—2—2—correlative ash-flow tuffs
base of the basalt flows
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Other structural features in Area I-include a northwest-trending fault of
unknown displacement along the north side of the Rattlesnake Hills, several
large landslide blocks north of Grasshopper Creek and on the east side of
the Beaverhead River.
Geology of Area II
The basement rocks in Area II, which crop out on the margins of the
basin (in the Lemhi, Beaverhead and Salmon Mountains) are quartzites and
phyllites of the Belt Supergroup.

These rocks were extensively folded and

faulted during the Precambrian, and during the Laramide orogenie prior to
Challis volcanism (Anderson, 1956).

Prior to Challis volcanism the Kriley

Formation, a valley-fill conglomerate, was deposited.

Challis volcanism and

block faulting in the Salmon Basin occurred during the Eocene, 48-43.8 Ma
(Armstrong, 1974).

After Challis volcanism, the Kenney, Geertson and Girtley

Formations, a series of fluvial and lacustrine sediments with abundant
tuffaceous material were deposited in the basin as downwarping continued
through the Miocene.

The geology of Area II is shown on the geological

map and cross-section in Figure 11 (in the bask pocket).

A summary of the

phenocryst mineralogy of Area II rocks is shown in Table 2.

Table 2.

Phenocryst composition as visually determined for Area II volcanic rocks.

Sample
Number

Rock-type

PH/GM

Q

P

S

bio

MIE 076

welded-tuff

3/7

A

M

M

t

MIE 078

rhyolite

2/8

A

m

t

MIE 079

crystal-tuff

4/6

A

MIE 080

welded-tuff

4/6

A

m
M

m
M
M

m

MIE 082

welded-tuff

3/7

M

M

M

ra

MIE 084

welded-tuff

3/7

A

A

m

t

Same explanation as in Table 1, p. 12,

bh

cpx

opx

ol

other
mica, mt

t

ch
mt

t
t

hm
cc, ch
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The oldest Tertiary rocks in the Salmon Basin belong tp the Kriley
Formation, which crops out in the northern part of the basifn? north pf Area
II (see Figure 3).

The Kriley Formation consists of a yalley filling

sequence of hematite bearing conglomerates with minor (5%) cross bedded
sandstone.

The conglomerates unconformably overlie Belt rpcks and are

composed of cobbles and boulders of Belt quartzites and phyllttes and minor
amounts of granitic fragments, possibly derived from the Idaho Batholith,
The Challis volcanics are the predominant unit exposed in Area II and in
the basin north of Area II.

The volcanics consists of a sequence of basalt

flows and breccias, rhyolite flows, rhyolitic welded ash-flow tuffs and
a small oval intrusion of dacite.

Challis rocks unconformably overlie the

Kriley Formation in the northern part of the basin and Balt Supergroup rocks
in Area II.

Anderson (1956) considers the Challis rocks in Area II to be

equivalent to the Germer Tuffaceous Member defined to the south by Ross
(1937).
The oldest Challis unit exposed in the study area is an 88 m-thich
sequence of basalt, locally brecciated.

The basalt crops out in the valley

of Lake Creek and unconformably overlies the Belt quartzites.

The basalts

are generally dark gray and aphanitic, but in places phenocrysts of pyroxene,
olivine and plagioclase are discernible.
A sequence of rhyolites and rhyolitic pyroclastic units constitute a
major part of the Challis volcanics in Area II and are exposed throughout
the area.

The rhyolite flows are light red to dark red in color with

abundant phenocrysts (average phenocryst-to-groundmass ratio of 3/7) of
quartz (some smoky), plagioclase (An2o-4o)» euhedral sanidine, minor biotite,
rare hornblende and accessory magnetite, zircon and apatite.

Vugs and

veinlets within the rhyolite are locally filled with chalcedony and opal.
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PLATE 3a, Photomicrograph of an Area II rhyolite, sample
with biotite (b), secondary quartz (q) and spherulites (s),
plane polarized light,
magnification.

PLATE 3b, Same as above, with crossed nichols.

0?8,
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PLATE i4.a. Photomicrograph of an Area .II welded tuff, sample MIE 080.
(<!)» biotite (b) and san|idlne (s), plane poleu*ized
light, 25X magnification,
, t'

PLATE 2|.b, Same as above, with crossed nichols.
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Flow banding and extensive devitrification of the groundmass (often spherulitic) occurs in some of the rhyolites.
is shown in Plate 3.

A typical rhyolite from Area II

The rhyolites unconformably overlie the Belt quartzites

and are in places sandwiched between the lower and upper rhyolitic welded
tuffs; the rhyolites have a maximum thickness of 250 meters.

In the Seven

and Eight Mile Creek areas the rhyolites have uranium mineralization
associated with a fracture zone.
The rhyolitic welded tuffs in Area II occur above and below the rhyolite
flows (Figure 12).

The lower tuff is 220 m-thick whereas the upper is

approximately 160 m-thick.

Teh welded tuffs have similar mineralogies to

the rhyolites but are differentiated from them by the presence of collapsed
pumice clasts, glass shards, broken mineral fragments, lighic fragments and
columnar jointing.

Extensive devitrification and vapor phase mineralization

occurs locally in the welded tuffs.

Within the welded tuffs are several

small discontinuous pockets of crystal-rich airfall tuff and tuff breccia.
A typical welded tuff from Area II is shown in Plate 4,
The upper and lower welded tuffs in Area II are mapped as a single unit
on Figure 11.

They unconformably overlie the basaltic unit at the base of

the Challis volcanics and the Belt rocks where there are no basalts but the
upper tuff lies conformably on the surface of the rhyolite flows.

The

welded tuffs in Area II may extend for some distance into the Salmon Basin
due to the mobile nature of pyroclastic eruptions,
In the Williams Lake area an oval plug of light gray dacite with
abundant phenocrysts of plagioclase, hornblende, minor quartz and biotite
and rare orthopyroxene intrudes the other Challis volcanic units.

29

The oldest post-Challis rocks in the Salmon Basin belong to the Kenny
Formation (Anderson, 1959).

The Kenny Formation consists of ^ 156+ m-thick

sequence of interbedded shale, sandstone and conglomerate with abundant
tuffaceous material (see Figure 13).

The sediments in the Kenny Formation

were derived from the mountains surrounding the Salmon Basin and include
reworked Challis pyroclastic material and flow rocks and clasts of the Swauger
and Lemhi quartzites of the Belt Supergroup. The Kenney Formation lies
unconformably on the eroded surface of the Kriley Formation and on the Belt
Supergroup.

Although there are no outcrops of the Kenny Formation in Area II,

it may serve as an important uranium host rock and the tuffaceous material
in it may be a source of uranium.
Unconformably overlying the Kenney Formation is the Geertson Formation,
a 250 m-thick fanglomerate composed of quartzite, volcanic, minor granitic
schist clasts in a matrix of sand and silt (Anderson, 1959).

Tuffaceous

siltstone with organic debris and lenses of lignite is present in the
Geertson Formation (see Figure 14).

There are no outcrops of the Geertson

in Area II but, like the Kenney Formation, it may serve as a host rock for
uranium deposits and the tuffaceous material in the Geertson may be a source
of uranium.
The youngest and most widespread post-Challis unit in the Salmon Basin
is the Kirtley Formation (Anderson, 1958, 1959) which unconformably overlies
all of the older Tertiary units in the Salmon Basin.

The Kirtley Formation

is at least 400 meters thick and consists of waterlain sandstone and siltstone
with minor beds of well sorted sandstone and lenses of conglomerate.

Locally,

the Kirtley Formation contains carbonaceous debris and discontinuous lignite
beds (See Figure 12Several uranium anomalies are associated with the
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Kirtley Formation
- tuffaceous siltstones and sand
stones with beds of lignite and
lenses of conglomerate.
400+ m

160 m

Challis Volcanics
- welded tuff, with similar mineralogy as
the rhyolites with pumice, glass shards
lithic fragments and columnar jointing.

250 m

Challis Volcanics
- rhyolite, red with phenocrysts of
quartz, sanadine, biotite and minor
hornblende. Locally uranium minerali
zation is present in the upper part of
the rhyolite.
Challis Volcanics
- welded tuff, same as upper welded tuff.

220 m

88 m

Challis Volcanics
- basalt, dark gray with phenocrysts of
pyroxene, olivine and plagioclase.

FIGURE 12. Stratigraphic column of the Kirtley Formation and Challis
Volcanics (T20N, R21E and R22E).
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Conglomerate with quartzite,
granitic schist and volcanic
fragments.
Tuffaceous siltstone and sand
stone with organic debris and
lignite lenses.

Siltstone with lenses of sand
stone.

Stratigraphic column of the Geertson Formation
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carbonaceous debris.

The Kirtley Formation is mapped in the northern part

of Area II.
Minor amounts of normal faulting have affected the region since the
Laramide orogeny (Anderson, 1956, 1957, 1959).

Small fault-fracture zones

with undetermined displacement occur in the Seven and Eight Mile Creek
area and contain uranium mineralization. Volcanic rocks in Area II strike
to the northwest and dip from 10-50 degrees to the northeast.
Geology of Area III
Volcanic units of the Salmon River Gorge were deposited on the Belt
Supergroup rocks of the Salmon and Lemhi Mountains, a surface of considerable
relief.

Volcanic rocks in the southern part of Area III, in the Pahsimeroi

Valley, were deposited on Tertiary lake bed deposits and conglomerates
derived from the rocks surrounding the valley.

Exposures in Area III are

excellent along the Salmon River Gorge and Tributary streams.

The geology

of Area III is shown on the geologic map and cross-section in Figure 15
(back pocket).

A summary of the phenocryst composition of the Area III rocks

is given in Table 3.
In the northern part of Area III along the Salmon River, two volcanic
units are exposed: a lower rhyolitic - to-dacitic sequence of selded tuffs
and an upper sequence of intermediate and basaltic flows, units D and C
respectively.

Exposed in the southern part of Area III are two sedimentary

and five volcanic units including units C and D.

Figure 16 is a stratigraphic

column of the Tertiary units in Area III,
Unit G, which crops out in Ennis Gulch, is composed of tan to light
brown, well rounded quartzite pebbles and boulders in a matrix of fine- to
medium-grained quartz sandstone and is 95+ m thick.

Unit G probably predates
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UNIT A Aphanitic dark gray and maroon
basalts.
UNIT B Red and cream colored welded
tuffs and rhyolites.
UNIT C Gray and maroon andesite, basalticandesite and basalt flows, locally
rich in phenocrysts of olivinet,
plagioclase, hornblendei, pyroxene*.
Other flows are aphanitic.

UNIT D Welded tuffs, tuffs and minor breccias
with rhyolitic to quartz-1atite
compositions.

UNIT E Volcanic breccia (lahar) with rhyolite,
welded tuff, andesite and basalt pebbles
cobbles and boulders in a matrix of
tuffaceous sandstone.
UNIT F Tuffaceous sandstone with lenses of
conglomerate, siltstone and lignite.
UNIT G Quartzite conglomerate with a quartz
sandstone matrix.

FIGURE 16.

Stratigraphic column of the units in Area III.

Table 3.

Phenycryst composition visually determined for Area III pocks^

Samp!e
Number

Rock-type

PH/GM

Q

P

S bio hb cpx

MEH 751

crystal-tuff D

3/7

M

M

t

m

m

zr

MEH 752 crystal-tuff

3/7

M

A

M

m

t

zr, cr

MEH 753 welded-tuff D

3/7

M

A

m

m

zr, mt

MEH 754 welded-tuff D

3/7

A

m

2/8

A

opx ol

other

t

MEH 755

basalt A

MEH 756

altered Unit B 3/7

M

M

t

t

MEH 758

rhyolite B

3/7

A

M

m

t

MEH 760

crystal-1ithic
tuff D
3/7

M

A

m* t

m

♦-hydrothermal

MEH 761

welded-tuff

m

A

in

M

mt

MEH 762

welded-tuff D

3/7

M

m

MEH 763

basalt C

3/7

A

MEH 764

4/6

A

2/8

A

M

m

3/7

A

M

m

MEH 767

andesite C
basalticandesite t
basalticandesite e
andesite C

2/8

A

MEH 768

basalt C

3/7

A

MEH 769

crystal-tuff D 4/6

M

A

m

MEH 771

tuffaceous
sandstone

M

M

m

tuffaceous
sandstone

M

M

m

tuffaceous
sandstone

M

M

m

MEH 765
MEH 766

UNIT F
UNIT F

-

A

m

m

M

mt

M*

*-0xy-hb
hm

t

cc, zr
M

t

m

M

M

mt
mt
t

mt
mt, cgk

m
M

m

mt, ch

m

t

m

mt, iddingsite

m
mica, 1ithic

ra

t

lithic

t

1ithic

PH/6M = groundmass-phenocryst ratio; Q = quartz; P = plagioclase; S =
sanidine; bio = biotite; hb = hornblende; cpx = clinopyroxene; opx =
orthopyroxene; ol = olivine; mt = magnetite; zr = zircon; ch = chalcedony;
cc = secondary calcite; chi = chlorite; ap = apatite; hm = hematite.
A =>40%; M =20-40%; m = <20%; t = trace, (These symbols and abbreviations
also apply to Tables 2 and 3.)
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Tertiary volcanism due to the absence of volcanic lithics or tuffs in the
rock.
Unconformably overlying Unit 6 is Unit F, which also crops out in the
Ennis Gulch area and was deposited during a period of active volcanism.

It

consists of an 85 m-thick section of tan-to-light brown colored, medium-tocoarse grained tuffaceous sandstone with discontinuous lenses of tuff,
conglomerate and lignite.

The tuffaceous sandstone contains abundant

plagioclase, quartz, giotite; and minor hornblende, and lithic fragments
(including rhyolite, andesite, basalt, metaquartzite and schist fragments).
Carbonaceous debris and a one-meter thick layer of lignite within Unit F
contain appreciable amounts of uranium (260 ppm).
Conformably overlying Unit F and grading into it is Unit E, a 220 m-thick
greenish gray lahar.

Unit E consists of angular, poorly sorted boulders,

cobbles and pebbles of rhyolite, welded tuff, andesite, basaltic-andesite and
basalt in a matrix of sand-sized quartz, feldspar, and biotite.

The rocks

are well indurated and silicified, possibly by post-depositional fumorolic
activity, if the lahar was hot.

Locally, the matrix and rock fragments in

the lahar are altered to celadonite and smectite.
Unit D unconformably overlies Unit E in the Ennis Gulch area.

To the

north, along the Salmon River Gorge, four flow units of Unit D (with a total
thickness of 235 meters) rest uncomformably on the Belt Supergroup (Lemhi
quartzite).

Unit D consists of white-to-tan colored rhyolitic to dacitic

pyroclastic flows with varying degrees of welding,weathering and interlayered
with minor discontinuous beds of tuff and tuff breccia with the same composi
tion as the welded tuffs.

The welded tuffs contain phenocrysts of quartz,

plagioclase, sanidine, scotite, hornblende, and accessary zircon and magnetite
Minor amounts of lithic fragments are found locally in the tuffs.

In places
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the groundmass is devitrified to fine grained lithophysae and clay minerals.
A typical Unit D welded tuff is shown in plate 5.
In the Cronks Canyon area {T 16N, R21#, sec. 17) and in the upper
portion of Poison Creek (T 18N, R21E, sec. 23), Unit D rocks have been
hydrothermally altered.

Alteration effects include: 20-30% replacement of

plagioclase by potassium feldspar, carbonate and chalcedony filling vugs and
veinlets, groundmass material (tuff) and some plagioclase crystals altered
to clay (smectite) and zeolite (clinoptilolite). Mafic minerals (hornblende
and pyroxene) partially or totally altered to iron oxides.

Other alteration

products include mixed layered clays (chlorite-vermiculite? or micavermiculite?) which formed from altered biotite.

Past hot-spring activity

along an east-west trending fault (see Figure 15) in the Cronks Canyon Area
and locally in some areas where the volcanics lap onto the Lemhi quartzites
(as is presently seen in the Warm Spring Creek area today) may have been
responsible for the hydrothermal alteration.

Locally, the groundmass of

other Unit D rocks has minor amounts of groundmass altered to smectite and
clinoptilolite.

Sample MEH 762, a hydrothermally altered Unit D rock is

shown in Plate 6.
Unit C consists of 17-20 separate flows, unconformably overlies Unit D
and was extruded onto a surface of considerable relief.

Unit C rocks, which

crop out along the Salmon River Gorge, consist of 375 meters (maximum thickness)
of gray or maroon colored andesite, basaltic
Most of the flows are aphyric.

andesite and basalt flows.

Where phenocrysts are visible they include

varying amounts of plagioclase (some zoned), hornblende, clinopyroxene,
orthopyroxene, olivine and biotite depending on how mafic the flow is.
Locally, some of the lower basalt flows include cumulophyric aggregates of

PLATE 5a* Photomicrograph of a Unit D welded tuff from Area III,
sample MEH ?53> with quartz (q), plagioclase (p),amd biotite (b),
plane polarized light, 13X magnification.

PLATE 5b, Same as above, with crossed nichols.
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PLATE 6a* Photomicrograpli of a hydro thermally altered welded
tuff from Unit D in Area III, with oxidized hornblende (hb),
and calcite replacing plagioclase (c), plane polarized light,
32X magnification.

PLATE 6b, Same as above, with crossed nichols*
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clinopyroxene and orthopyroxene with minor amounts of olivine, in a pilotaxitic groundmass of plagioclase microlites and glass (see Plate 7).
Some of the Unit C flows in the Cronks Canyon area are hydrothermally altered
with mafics rimmed by iron oxides, carbonate veinlets and secondary micro
crystalline quartz.

Hot spring activity responsible for the alteration of

Unit D rocks is also probably the cause of the alteration in Unit C rocks.
Unit B unconformably overlies Unit C and has a maximum thickness of
80 meters.

It consists of two cream-to-light red colored welded tuffs topped

by a 15 m-thick welded tuff breccia.

Phenocrysts of quartz (some smoky),

sanidine and plagioclase and minor biotite in a matrix of volcanic glass
compose Unit B rocks (see Plate 8).

At the base of Unit B the rocks have a

different phenocryst composition, with abundant plagioclase, oxy-hornblende
and rounded and anbayed crystals of polycrystalline quartz (derived from
Lemhi quartzite?) with reaction rims of clinopyroxene(?), indicating either
a mixing of late stage Unit C magma with a more felsic magma or the inclusion
of numerous quartzite grains in a late stage or residual mafic intermediate
magma (see Plate 9).
Unit A, the youngest volcanic unit in Area III, unconformably overlies
Unit B and the eroded surface of the Lemhi quartzites.

It consists of a

dark gray aphyric basalt flows (see Plate 10) and breccias with a maximum
thickness of 80 meters.
The Tertiary rocks have a simple structure with a dip of 10 degrees to
the northeast, indicating regional tilting of the area.

In the northern

part of Area III a shallow north trending syncline exposes Unit D rocks on
both sides of the Salmon River.

In the southern part of Area III, an arcuate

normal fault with 281 meters of upward displacement on the north and east
side of the fault causes the older rocks (Unites E, F, and G) to be exposed.
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PLATE 7a» Photomicrograph of a Unit C basalt from Area III,
sample MEH 757, with cumophyric pyroxene (px); plagioclase

(p) and iron oxide th), plane polarized light, 25X magnification.

PLATE 7b. Same as above, with crodsed nichols.
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PLATE 8a# Photomicrograph of a Unit B welded ttiff, sample
MSH 756, with quartz (q) and sanadine (s), plane polarized
light, 2^X maginification#

PLATE 8b» Same as above, with crossed nichols#

PLATE 9i , Photomicrograph, of rock vdth quartz (q), pyroxene
(px) and oxy-hornblende (hb) within the welded tufTs of
Unit B from Area III, plane polarized light, 25X magnification.
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PLATE 10a, Photomicrograph of a fine grained basalt, sample
MEH'755, from Unit A in Area III, with microlites of plagioclase
(p), plane polarized light, 2$X magnification.

PLATE 10b. Same as above, with crossed nichols.
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As stated previously, rocks in the vicinity of the fault are hydrothermally
altered.

The southern boundary of Area III volcanic and volcaniclastic

rocks is a northwest-trending fault with undetermined displacement.

South

of this fault the units described above are covered by more recent Quaternary
fan and fluvial sediments.

Volcanic and volcaniclastic units in the structural

depression of the Pahsimeroi Valley may be present under the sedimentary
blanket.
X-ray Diffraction Study
Whole rock and clay fraction (<2ym) XRD analysis of 27 samples was
conducted to determine the extent of alteration of the tuffs and the environ
ment in which the alteration occurred.

Three alteration groups, two diagenetic

and one hydrothermal, were determined (see Table 4). Group I, consists of
smectiteiclinoptilolite + glass. Group II consists of kaolinite^smectite
with no glass.

Group III is hydrothermally altered rocks with chlorite or

mixed-layered clays.
Quartz was identified by X-ray diffraction and petrographic techniques
in all but two of the samples analyzed, indicating that the rocks are rhyolitic
in composition.

Other minerals identified by XRD are K-feldspar, plagioclase,

biotite, calcite and amphibole.

The presence of glass in the samples was

determined by using a polarizing microscope.
Group I rocks, with the assemblage smectite-clinoptilolite + glass
represent an early stage of diagenetic alteration.

Clinoptilolite and smectite

are reported as the first stages of alteration of glassy silie tuffs (Hay,
1966, 1978;

Reynolds and Anderson, 1967; Pevear ^

, 1980).

The trans

formation of glass to smectite and clinoptilolite occurs when alkaline
solutions passing through the rocks cause the hydrolysis and dissolution of
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Table 4. Mineral content and alteration of pyroclastic flows, airfall tuff
and volcanoclastic rocks as determined by X-ray diffraction;
volcanic glass determined by optical methods.
Sample
number

Group

Volcanic
glass

Q

F

Sm

C

K

other

Area I (Dillon area)

MIE
MIE
MIE
MIE
MIE
MIE
MIE

072
073
087
093
094
095
098

I
I
I
I
I
I
I

+
+
+

M-

+

M
M
M
M
M

+

m

m-

-

M
M
M
M
M
M
M
M
M
M
M
M

MMmmm

MMMm
M-

M
M
M
M
M
M
M

MMMm
MMm
mm-

+

tM
tM
-M
MM
tM
tM
tM

carbonate (both)
carbonate (both)
carbonate (both)
amphibole-

-M
-M
-M
mM
MM
MM
MM

-mica
mica-chlorite
mica (both)
micamicamica (both)
mica (both)
micacristobalite-

Area II (Salmon area)

MIE
MIE
MIE
MIE
MIE
MIE
MIE
MIE
MIE
MIE
MIE
MIE
MIE

076
082
084
126
127
128
129
130
131
132
156
167
168

I
II
III
I
I
II
I
II
II
I
II
II
I

+
+ ■

+
+

m-

-m
mM

tM
MM
MM

-M
-M
MM

MM
-M

MM
-M

mica (both)

Area III (Salmon Gorge)

MEH
MEH
MEH
MEH
MEH
MEH
MEH

751
760
767
769
770
771
772

I
I
III
III
III
I
I

+
+
+
+
+
+
+

mM
mm
-M

MM
MM

mm
-m
-M
-m
Mm

micaamphibolechlorite (both)
chlorite(/)-vermiculite (both)
mica-vermiculite (both)

Q = quartz; F = feldspar, Sm - smectite; C = clinoptilolite; K = kaolinite;
M = major constituent; m - minor constituent; t = trace constituent. The
abundance symbols are arranged in pairs: the first letter refers to the whole
rock, the second refers to the <2ym fractions; a dash preceding or following
a single abundance symbol indicates that the mineral is absent from that
specific fraction. Only whole rock analysis for quartz are given due to the
presence of quartz in the plates used in the -c2^m faction. For volcanic glass
a + indicates the presence of glass and a - indicates the absence of glass by
determination with polarizing microscope.
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of the glass (Deffreys, 1959;

Hay, 1966;

Hay and Sheppard, 1977).

Dissolution of the glass will cause an increase in the pH and ionic activity
(Si^, Na^, K^, Mg^^ and CA
of the solutions in the rock, leading to the
formation of clays and zeolites (Hay and Sheppard, 1977; Walton, 1975).
Studies by Hay 0966) and Davies et aH[. (1979) indicate that the formation of
smectite precedes the formation of clinoptilolite.
Clinoptilolite occurs as either a cavity filling, where glass shards
are dissolved (see Plate 11) or disseminated in the matrix (see Plate 12).
Smectite occurs in the matrix of the rocks as a fine dissemination. An XRD
pattern for the whole rock and clay fraction of a typical group I rock is
0

shown in figure 17, Smectite is recognized by a 14 A spacing in air dried
clay fraction ( a m) that expands to 17 % in the glycol treated sample and
0

collapeses to 10 A upon heating to 550°C.

Clinoptilolite is identified by

a 9.02 A peak that persists upon heating to 550° C (Mumpton, 1960).
Group II rocks contain smectite + kaolinite or only kaolinite, with
no glass.

The presence of kaolinite and the lack of any volcanic glass or

clinoptilolite indicates that these rocks have undergone more intense
diagenesis.

The theoretical activity diagrams of Kittrick (1977) shown in

Figure 18 and Davies ^

(1979) shown in Figure 19, show the equilibrium

relationships which prohibit the coexistence of zeolite and glass with
kaolinite. Increased leaching will dissolve all the glass, remove the Si+.
Mg ++ , and CA ++ thus raising the H+ activity, which prohibits the formation
of zeolite and smectite and leads to the formation of kaolinite.

An XRD

pattern for a typical group II rock is shown in Figure 20.
'

Group III rocks have undergone hydrothermal alteration as indicated by

the alteration of biotite to chlorite or mixed-layered clay (chlorite-
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vermiculite or mica-vermiculite), the oxidation of hornblende (if it is
present in the sample) and the replacement of plagioclase feldspar by potassium
feldspar.

Rocks that have been subjected to hydrothermal alteration occur

in the fault zone of Ennis Gulch and Cronks Canyon region of Area III and
in the Challis welded tuffs north of Area II. An XRD pattern for a tpyical
III rock is shown in figure 21.
The clay assemblages of the tuffaceous rocks (Table 4) suggest that the
alteration of the rocks occurred in an alkaline environment for the Group I
rocks.

As diagenesis of the rocks increased, the pH of the solutions

decreased and the availability of the cations for the formation of smectite
and clinoptilolite decreased, leading to the formation of the clay assemblages
in Group II.

Tertiary lakes and a humid environment existed in the study

areas during the time the rocks were deposited (Perry, 1962),

Under these

conditions (diagenesis leading to the formation of both Group I and II
altered tuffs) uranium may be leached from the rocks and transported to form
stratabound uranium deposits in the Tertiary basins of the region.

PLATE 11, SEM photograph of clinoptilolite ciTTstals filling
a cavity in sample MIE 126, 2,000X magnification.

PLATE 12, Photomicrograph of disseminated clinoptilolite (G)
replacing yolcanic glass in sample MEH 770, 12$X magMfication,

GLYCOL

50

pH - l/SpAI^""

FIGURE 18* Stability lines for a small subsystem (from
Kittrick, 1977)*

Loga[CQ*V“[nT

51

Log a [Na*]/a[H*]

25“ C
log a H4 SI O4--2.70= omorph silica sat

FIGURE 19* Possible phase relations in the Tertiary-Holocene
volcaniclastic system, Guatemala, as a function of Calcium/
Hydrogen and Sodium/Hydrogen (from Davies et, al, 1979)*
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FIGURE 20. X-ray bulk powder diffraction pattern (lower pattern) and
oriented <2ym powder diffraction pattern (upper pattern) of a sample
(MIE 130) from Group II; CuK'^ relationship.

20 (Cu lU)

FIGURE 21. X-ray bulk powder diffraction pattern (lower pattern) and
oriented <2\in powder diffraction pattern (upper pattern) of a sample
(MEH 770) from Group III; Cuk< relationship.

Geochemical Study
Geochemical analyses for uranium, thorium, fluorine, lithium, chromiian,
zirconium, and titanium were obtained for 64 samples.

These analyses

attempted to correlate comagmatic flows and tuffs to determine if uranium is
lost from the Tertiary volcanic rocks during volcanic eruption (in the vapor
phase) or by diagenetic processes after emplacement of the rocks.

Results

of the analysis for Arear I, II and III are shown in Tables 5, 6 and 7
respectively;

sample locations are shown on the geological maps in Figures

5, 11 and 12.

Figure 22 shows the location of samples from the Salmon Basin

(Area II) that are not shown on Figure 11.

Groundwater geochemical data was

obtained from Wodzicki and Krason (1981a, 1981b)
Geochemical Correlation of Flows and Tuffs,

Samples of flow rocks and

tuffaceous rocks were analyzed for thorium, chromiian, zirconium and titanium
in order to classify the various flows and pyroclastic units according to
their trace element composition and to correlate flow rocks with comagmatic
pyroclastic flows and air fall deposits within the areas studied.

Thorium,

chromium, zirconium and titanium were chosen because the^e elements are
relatively immobile when subjected to diagenetic processes in the supergene
environment (Rankama and Sahama, 1949;

Levinson, 1980),

Figures 23, 25 and 27 are ternary diagrams of the Zr/10, Th and Cr
values for Areas I, II and

III respectively.

Figures 24, 26 and 28 are

ternary diagrams of the Zr/10, Ti/100 and Cr values for Areas I, II and III
respectively.

The size of the symbol for each sample indicates the relative

amount of uranium in the sample.

Symbol shapes correspond to the rock type

in the diagram.
In figures 23 and 24 (Area I rocks) most of the tuffs do not plot in
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TABLE 5. Geochemical results of Area :I rocks (In ppm)

Sample
Number

Rock Type

Location

U

Li

F

Th

Cr

Zr

Ti

MIE 066

andesite

T9S,R10W
sec.11

3

20

AAO

7

120

210

A600

MIE 071

tuff

T8S.R10W
sec.lA

3

30

589

17

20

A30

3700

MIE 072

tuff

T8S.R10W
sec.lA

i2

30

850

31

10

270

700

MIE 073

tuff

T8S.R10W
sec.11

:2

20

320

A

20

100

1600

MIE 07A

rhyolite

T8S.R10W
sec.13

A

210

720

35

20

lAO

250

MIE 075

rhyolite

T8S.R10W
sec.13

A

230

3A0

35

20

120

250

MIE 087

tuff

T8S.R10W
sec.30

A

10

300

27

10

220

AOO

MIE 088

rhyolit e

T88.R10W
sec.2A

A

150

1700 30

10

120

200

MIE 089

tuff

T8S.R9W
sec.33

2

10

86

6

20

85

A50

MIE 090

basalt

T9S.R9W
sec.28

20

680

12

190

AOO

6A00

MIE 093

tuff

T8S,R10W
sec.26

50

760

6

AO

260

AAOO

MIE 09A

tuff

T8S,Riew
sec.26

2

50

360

7

20

100

750

MIE 095

tuff

T8S.R10W
sec.26

2

50

320

11

20

100

750

MIE 096

basalt

T8S.R10W
sec.26

2

20

190

7

270

380

5100

MIE 097

rhyolite

T8S.R9W
sec.20

5 ,

230

7A0

37

20

lAO

200

MIE 098

tuff

T8S.R9W
sec.16

2

30

370

18

20

280

2A00

MIE 099

rhyolite

T8S,R9W
sec.18

5

220

920

35

10

130

250

MIE 100

rhyolite

T8S,R10W
sec,13

6

200

630

38

10

130

250

2
2
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TABLE 6. Geochemical :results of Area 11 rocks

(in ppm) .

Sample
Number

Formation Rock Type

MIE 076

Cha His

MIE 077

Location

U

Li

F

Th

Cr

Zr

Ti

welded tuff

T20N,R22E
sec. 8

6

40

220

27

10

210

1600

Challis

welded tuff

T20N.R22E
sec, 8

9

60

580

26

40

230

1800

MIE 078

Chal1is

rhyolite

T20N.R21E
sec.35

3

50

780

24

10

300

3000

MIE 079

Chal1is

tuff

T21N.R21E
sec.35

4

60

520

20

10

210

750

MIE 080

Chal1is

welded tuff

T20N.R21E
sec.10

6

50

490

21

10

310

2700

MIE 081

Chains

welded tuff

T20N.R21E
sec.23

6

50

580

21

10

180

1800

MIE 082

Chal1is

welded tuff

T20N.R21E
sec. 6

2

80

440

15

10

170

1800

MIE 083

Chains

rhyolite

T20N.R22E
sec. 6

120

40

720

21

10

350

3400

MIE 084

Chal1is

welded tuff

T23N.R21E
sec. 2

3

60

250

13

10

230

2400

MIE 085

Chains

rhyolite

T20N.R22E
sec. 6

96

40

560

23

10

360

3000

MIE 091

Chal1is

rhyolite

T20N.R22E
sec. 7

5

30

390

28

20

360

2500

MIE 092

Chains

rhyolite

T20N.R21E
sec. 2

7

40

800

28

20

330

2700

MIE 126

Kirtney

tuff

T20N.R24E
sec.34

9

30

300

30

10

300

600

MIE 127

Kirtney

tuff

T21N.R22E
sec.28

2

60

470

8

20

340

4300

MIE 128

Kirtney

tuff

T21N.R22E
sec.34

4

60

300

8

20

440

6200

MIE 129

Kirtney

tuff

T21N.R22E
sec.28

4

40

320

7

10

440

5000

MIE 130

Kirtnev

tuff

T22N.R22E
sec.32

4

20

390

10

10

510

6900

MIE 131

Geertson

tuff

T23N.R22E
sec.20

5

20

210

8

10

500

7300

MIE 132

Geertson

tuff

T20N.R23E
sec.20

8

20

220

23

10

170

1700

MIE 156

Kirtney

tuff

T22N.R22E
sec.32

2

30

270

9

—

210

—

MIE 167

Challis

tuff

T19N.R24E
sec. 4

2

60

260

25

—

320

—

T20N,R24E
sec.25

3

—

—

~

—

—

MIE 168

Geertson tuffaceoussandstone

——
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TABLE 7. Geochemical results of Area 111 rocks (in ppm).

Sample
Number

Un i t Rock Type

Location

U

Li

F

Th

Cr

Zr

Ti

MEH 751

0

tuff

T19N.R21E
sec.21

2

50

440

10

30

700

390C

MEH 752

D

welded tuff

T19N.R21E
sec.28

3

50

390

10

130

94 C

550C

MEH 753

D

welded tuff

T17N.R21E
sec. 9

4

50

530

9

30

870

440C

MEH 754

B

welded tuff

T17N.R21E
sec.21

3

50

40

21

436

800

MEH 755

A

basalticbreccia

T17N.R21E
sec.35

2

40

780

9

1100

830C

MEH 756

B

welded tuff

T16N.R21E
sec. 6

3

40

360

24

10

470

700

MEH 757

C

basalt

T16N.R21E
sec.10

2

40

490

40

10

990

5800

MEH 758

B

rhyolite

T16N.R21E
sec.16

4

60

360

13

490

750

MEH 759

C

basalt

T16N.R21E
sec.16

2

40

520

12

10

450

4400

MEH 760

0

tuff

T16N.R21E
sec.17

4

40

400

12

30

260

4100

MEH 761

D

welded tuff

T16N.R21E
sec.17

2

10

370

8

20

310

5800

MEH 762

D

welded tuff

T16N.R21E
sec.17

2

10

270

6

10

230

2300

MEH 763

C

basalt

T16N.R21E
sec.16

2

10

380

6

10

340

6900

MEH 764

C

andesite

T16N.R21E
sec.16

2

20

470

10

410

4500

MEH 765

C

basalticandesite

T16N,R21E
sec.16

20

450

10

750

4200

MEH 766

C

basalticandesite

T}.6N,R21E
sec.16

10

460

6

70

390

6000

MEH 767

C

andesite

T16N.R21E
sec.16

10

500

9

10

410

6700

MEH 768

C

basalt

T16N.R21E
sec.17

20

950

8

210

490

8600

MEH 769

D

tuff

3

30

530

9

40

360

7200

' T16N.R21E

2

-•

3
2

2

10

20

10

10

10

sec .29
MEH 770

D

tuff

T18N.R21E
sec.23

3

20

350

16

10

260

1800

MEH 771

F

tuff

T16N.R21E
sec.33

4

30

410

8

10

120

750

MEH 772

F

tuff

T16N.R21E
sec.33

260

30

370

9

30

380

4200

0

welded tuff

T18N.R21E
sec. 2

4

40

360

17

10

380

950

0

welded tuff

T17N.R21E
sec.18

2

40

580

20

50

290

—

MEH 773

MEH 774
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same area as the rhyolites, except for sample MIE 087.

This sample contains

4pp, uranium, a similar value to the 4.7 ppm uranium average for the rhyolites
(see Table 8).

Although the tuffs are all rhyolitic in composition (they

all contain quartz), they are scattered on the diagrams with no obvious
relationship to the rhyolites.

The scattering suggests that this trace

element approach for identifying comagmatic flows and tuffs is not valid,
possibly due to one or several of the following reasons:

(1) contamination

of the tuffs by older accessory and accidental material during eruption and
emplacement of the rocks;

(2) different trace element contents in the tuffs

and rhyolites due to mineral fractionation of the magmas prior to eruption;
(3) contamination of the tuffs by airfall material erupted from another
volcanic source;

(4) they are not correlative;

tuffs by clastic material.

(5) contamination of the

The latter is unlikely because tuff samples

were carefully obtained from sections free of clastic material.
In Figures 25 and 26 (Area II rocks) the most tuffs from the Salmon
Basin do not plot in the same area as the rhyolites and welded tuffs from
the volcanic center, probably for the reasons given above.

Possible exceptions

are samples MIE 132 and MIE 167 which contain 8 ppm and 2 ppm uranium
respectively.

The average uranium content of the rhyolites is 5.1 ppm,

suggesting that some redistribution of uranium may have taken place in the
tuffs.
Two samples from Area II (Mie 083 and MIE 085) have anomalously high
uranium concentrations.

These samples are from a silicified shear zone in

the rhyolites and the uranium may have been added by hydrothermal processes.
Samples plotted in Figures 27 and 28 (Area III rocks) do not show any
correlation in trace element geochemistry between the tuff and welded

N
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tuffs.

Samples from this area are from stratigraphic layers which reflect

different eruptive sequences.

Some similarity does exist between the

samples from Unit B (MEH 754, MEN 756 and MEH 758).
from Unit D are scattered on both figures 27 and 28.

Welded tuff samples
Samples MEH 761 and

MEH 762 contain <2ym uranium, which is lower than the 3.9 ppm uranium
average for area III welded tuffs.

Both of these samples were hydrother

mal ly altered, which may account for their low uranium content.
Geochemical Analysis for Uranium, Thorium, Fluorine and Lithium.

The

samples of rhyolitic flows and tuffs also were analyzed for uranium, thorium,
fluorine and lithium and the results are shown in Tables 5, 6 and 7 and
are summarized in Table 8 and Figure 29.

The purpose of this analysis is

to determine whether uranium has been redistributed or lost from the rocks
either during eruption, soon after eruption or during subsequent diagenesis.
Uranium and thorium have similar geochemical behavior under magmatic
conditions (Rankama and Bahama, 1949).

Thus, in rocks that have undergone

only magmatic processes, uranium concentration is proportional to the
thorium concentration.

Fluorine is concentrated in magmatic fluids during

eruption (Krauskopf, 1967; Perel'man, 1977) and uranium and thorium may form
soluble complexes with fluorine (Shatkov ^
which are fractionated into the volatile phase.

, 1970; Rosholt ^ al., 1966)
Thus it might be expected

that fluorine-rich magmas that are erupted explosively would have lower
fluorine, uranium and thorium concentrations than similar but vapor-poor
magmas.
Under near-surface, oxidizing conditions (after the eruption of the
volcanic rocks) uranium can be present in the +6 oxidation state in which it
is readily soluble,

whereas the uranium in the +4 oxidation state is
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Table 8.

Average uranium, lithium, and fluorine values for the analyzed
samples (in ppm).

Area I Rhyolites
u

Li

6
4.7
0.8

6

Area I Tuffs**
F
Th
6
6
850.0 35.0
463.6 2.5

u

Li

F

Th

n

5*

9

9

9

X

2.6

23.3

411.9

14.1

0.9

18.7

269.5

9.2

Area II Rhyolites and Welded Tuffs
Li
U
F
Th
n
10*
12
12
12
X
5.1
50.0
527.5 22.3
s
2.1
13.5
186.2 4.6
*=2 samples have anomolous uranium
values of greater than 50 ppm

Area II Tuffs (Groups I &
u
Li
F
9
9
9
n
4.4
37.7
X
296.6
2.6
17.9
76.8
s

II
Th
9
9.6
7.9

Area II Group I Tuffs
U
Li
F
Th
4
4
4
4
n
5.3
37.5
327.5 12.0
X
3.8
17.1
104.4 12.1
s

Area II Group II Tuffs
U
Li
F
Th
5
5
5
5
n
3.4
38.0
272.0 12.0
X
1.3
20.5
42.1
7.3
s

Area III Welded Tuffs
Li
U
F
Th
7
7
9
9
n
3.9
47.1
X
362.2 9.8
1.1
7.6
153.6 7.5
s
*=2 samples have uranium values
of less than 2 ppm.
**=2 samples have lithium values
of less than 10 pp.

Area III Tuffs
Li
U
F
Th
5*
6
6
6
n
2.8
33.3
420.0 8.2
X
0.8
10.3
61,3 3,2
s
*=1 sample has an anomolous urai
value of 260 ppm.

n
X
5

181.7
84.0

s
*=4 samples have uranium values of
less than 2 ppm.
**=all the tuffs are in alteration
Group I

Area I Intermediate and Mafic rocks
U
Li
F
Th
n
1*
3
3
3
X
3.0
20
436.0 8.7
s
0.0
0.0
245.0 2.4
*=2 samples have uranium values of
less than 2 ppm

Area III Intermediate and
U
Li
F
n
5*
7**
9
X
2.2
20.0
555.6
s
0.4
14.1
184.7
*= 4 samples have uranium
less than 2 ppm.
**=1 sample has less than

Mafic Rocks
Th
9
11.1
11.4
values of
10 ppm lithium.

n=number of samples; x=average value in ppm; s=standard deviation;
U=uranium; Li=lithium; F=fluorine; Th=thorium.
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insoluble.

Thus surficial or shallow diagenetic processes can transport

uranium and separate it from thorium.

Lithium is also readily dissolved

by water during alteration of tuffaceous rocks in the supergene environment
(Norton, 1973; Vine, 1975;

Levison, 1980).

Fluorine, on the other hand,

tends to remain relatively immobile during diagenesis because of its low
solubility product when combined with calcium (Krauskopf, 1967).

Under

present day conditions, ground waters in contact with tuffaceous rocks in
southwest Montana and adjacent Idaho contain an average of 54 ppm calcium
and 0.66 ppm fluorine (Wodzicki and Krason, 1981a, 1981b) and are under
saturated with respect to CaF2, suggesting that very little fluorine is
being lost from these rocks today nor that the rate of infiltration exceed
the rate of dissolution.
The average uranium, thorium and fluorine concentrations in rhyolitic
tuffs from Area I (see Table 8 and Figure 29) is lower than in rhyolite
flows from the same area suggesting that these elements were lost from the
tuffs in the vapor phase during eruption,

A significant difference in

lithium and uranium contents between the rhyolites and tuffs from Area I
suggests that diagenetic processes may have also affected the uranium
content in these rocks.
Area II rhyolites and welded tuffs from the volcanic center and tuffs
from the basin show only minor differences in their average uranium and
lithium content (see Table 8) suggesting that the tuffaceous material in
the basin rocks Svhich was derived from the volcanic center) may have
retained a significant amount of its uranium and lithium during sedimentary
transport and deposition and that little redistribution of these elements
occurred during diagenesis.

Between rocks from alteration groups I and II,
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there was virtually no difference in the average lithium content and only
a minor difference in the average uranium content, which suggests one of
the following:

only minor amounts of, or no uranium and lithium, were

leached from the volcanic glass; or if these elements were leached, they
were not transported.

Factors that may inhibit the transport of uranium

from the altered tuffs are reduced permeability in the rocks due to the
formation of clays and zeolites or the diagenetic clays and zqolites may
adsorb uranium and lithium and thus prevent it from migrating.

The thorium

values for Group I and II rocks are the same, as would be expected, since
thorium is chemically immobile in the supergene zone.
Area III welded tuffs and tuffs do not show any significant differences
in average uranium, thorium and fluorine concentrations, which would be
expected, as these rocks were formed by gaseous pyroclastic eruptions in
which these elements may be lost in the volatile phase during eruption.
Only two rocks from the hydrothermally altered zone in Unit D (samples
MEH 761 and MEH 762) show a significant uranium (<2 ppm) and lithium (<10 ppm)
loss which suggests that hydrothermal alteration played an important role
in the remobilization of these elements.

Comparison of Uranium and Thorium Concentrations
Uranium mobility during diagenesis of the tuffs also has been studied
by comparison of uranium and thorium concentrations in rhyolitic flow and
tuffaceous rocks.

As noted earlier, uranium and thoriisn have similar

geochemical behavior under magmatic conditions.

Clark

(1966)

calculated a correlation coefficient for uranium vs. thorium of 0.73 for
felsic rocks and 0,93 for mafic and intermediate rocks. The lower correlation
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coefficient for felsic rocks may reflect the fact that uranium in felsic
rocks (especially tuffs) is more susceptible to redistribution in the
supergene environment than uranium in mafic and intermediate rocks.
Correlation coefficients were calculated for all rhyolites (0.22),
welded tuffs (0.63) and tuffs (0.51) shown in Figure 30.

The small

correlation coefficient for the rhyolites, which differs greatly from the
value (0.73) calculated by Clark et al. (1966), reflects the close grouping
of the rhyolites in Figure 30.

The correlation coefficients for the welded

tuffs and tuffs are higher but the data points show more scatter, indicating
that some uranium may have been redistributed in thses rocks.

The higher

correlation coefficient for the welded tuffs as compared to the tuffs
reflects the lower permeability of the former.

Figures 31 and 32 show

similar relationships between the rhyolites, welded tuffs and
tuffs from Areas I and II respectively.

No rhyolites are present in Area

III but the welded tuffs and tuffs (Figure 33) shoW'a stmllaf TftlaiitQn^Mp
as in Figure 30,

Figure 34 does not show any obvious differences in uranium

between tuffs from alteration Groups I and II, suggesting that increasing
diagenesis does not cause a major redistribution of uranium.

Intermediate

and mafic rocks shown in figure 35, plot in a small area, reflecting that
primary uranium contents have not varied.

Uranium in Present-Day Groundwaters
Under oxidizing groundwater conditions, uranium is present in the +6
state and is readily soluble (Gableman, 1977; Langmuir, 1978; and Devoto,
1978b).

It forms soluble complexes with HCO^ and H2P0^ and may be trans

ported if groundwater flow rates are sufficient.

The groundwaters in the

U in ppm
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FIGURE 30* Uranium vs# thorl-um diagram for rhyolit«s» welded
tuffs and tuffs'from all the areas studied# Symbols^ • -rhyolite,
A -welded tuff,
x-tuff, Th/U ratio from Clark et al# (1966)
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Tertiary basins of southwest Montana and adjacent Idaho are typically oxidizing,
near neutral and contain an average of 10"^*^®M H2P0^ and 10~^'^®M HCO^. In
Figure 36 (from Wodzicki and Krason, 1981a) thermodynamic data of Langmuir
(1978) has been used to show the solubility of uraninite in the presence
of phosphate, carbonate and fluoride.

The dominant uranium species in

solution under conditions present in the groundwaters in U02(HP0^)2-2 .

Most

of the groundwaters have an Eh greater than 0.0 and are strongly undersaturated
with respect to uraninite.

However, at least nine groundwater samples

contain measureable reduced sulfur species and have an Eh below 0.0.

In

these waters uraninite solubility is several orders of magnitude lower than
10~^M (24 ppb) and wherever uranium-bearing waters come in contact with such
reducing conditions precipitation of uraninite must take place.

Such

reducing conditions may be present in some hotsprings, where organic matter
is present or where sulphate reducing bacteria are active.

The average

uranium content of groundwaters from the Tertiary basins of southwest
Montana and adjacent Idaho with tuffaceous rocks is <5 ppb.

In contrast,

groundwaters from Tertiary basins near the Boulder Batholith contain an
average of 15 ppb.

This suggests that the tuffaceous rocks in the Tertiary

basins of southwest Montana and adjacent Idaho are not contributing signifi
cant amounts of uranium to the groundwaters today and hence it is unlikely
that significant amounts of uranium are presently being leached from the
tuffs.
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FIGURE 36. Partial aqueous equilibrium diagram of the U-O2-D-P-F-H2
system, showing probable ranges of groundwater conditions. Solid dots
represent conditions in reduced sulfu^'-bearing groundwater. Hash marics
indicate uranium saturated region, where uranium will be precipitated
drawn at 24ppb (10~7m) dissolved uranium. EC0o=200mg/l (10"2-^8|^);
eP0=0.5 mg/1 (10~5.28m)j zF=1.0mg/I (10~4.28m), Thermodynamic data
after Langmuir (1978). (From Wodzicki and Krason, 1981)
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DISCUSSION
The results of this study are discussed in terms of the regional
geology of the areas studied, the behavior of uranium during volcanism, the
loss of uranium by leaching after emplacanent of the rocks and the concen
tration or loss of uranium in the rocks by hydrothermal processes.
Regional Geology
The rhyolitic domes south of Dillon, Montana, in Area I form a volcanic
center.

The Area I rhyolites probably are correlative to the post-Lowland

Creek volcanics to the north of Area I in the Boulder Batholith region.
Smedes and Thomas (1965) dated the Lowland Creek volcanics, a sequence of
quartz-1atites, using K-Ar as Eocene, whereby they amended a previous
Oligocene date for these rocks by Smedes (1962).

Overlying and transecting

the Lowland Creek quartz-1atites are numerous rhyolitic bodies (Becraft ^
al•. 1963;

Knopf, 1963;

Ruppel, 1963),

Ruppel (1963) considered these

rhyolites to be Miocene or Pliocene in age and named them the Post-Lowland
Creek volcanics.

Chadwick (1978) obtained K-Ar dates ranging from 40-37.3 Ma

for these rocks placing them in the Early Oligocene,

Area I rhyolite has

a K-Ar age of 38,9 Ma (Chadwick, 1978) which places it within the range of
the Post-Lowland Creek volcanics.
Area I rhyolites have high average uranium (4.7 ppm), thorium (35.0 ppm)
and fluorine (850.0 ppm) values.

The Post-Lowland Creek rhyolites also have

average uranium (6.1 ppm) and thorium (21.9 ppm) values (Tilling and
Gottfried, 1969).

Topaz, which formed during the vapor phase, is present

within the vugs and veinlets of the Post-Lowland Creek rhyolites.

Wodzicki

(personnel comm.) reports the presence of fluorite in the same vugs and
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veinlets.

The presence of topaz and fluorite in these rocks suggests that

the rocks contain high concentrations of flourine.
Area I rhyolites are also petrographically similar to the Post-Lowland
Creek rhyolites.

Becraft e^ al_. (1963) and Smedes (1966) describe the Post-

Lowland Creek rhyolites as being pinkish-gray to red, with abundant phenocrysts of smoky quartz and euhedral sanidine.

Locally, the rocks are flow

banded.
Area II volcanics, which are 40-50 km. from the main Challis field,
are considered to be Challis volcanics by Anderson (1956, 1957, 1958, and 1959)
and lie within the area defined by Ross (1961) as the Challis volcanic terrain.
These volcanics, which lie in the southern part of the Salmon Basin and
contain rhyolitic flows, were locally erupted and are a small satellite
field separated from the main Challis volcanic center.
Area III volcanics lie on the northeastern edge of the main Challis
field as shown on the maps by McIntyre and Hobbs (1978) and Rember and Bennett
(1979).

Unit E lahars, Unit B and D welded tuffs, and Unit C intermediate

and mafic flows are capable of traveling over considerable distances.
flows lapped up onto the paleoslope of the Lemhi Mountains.

These

The source of

these rocks probably lies in the main Challis field to the southwest.

Unit

B and D welded tuffs may be a part of a caldera complex but more detailed
mapping of the region is needed in order to determine the nature of the
eruptions responsible for the Area III volcanics.
Behavior of Uranium During Volcanism
Because of its large ionic radius and charge, uranium cannot be readily
accommodated in rock-forming minerals (Adler, 1977; Zielinski, 1978),

Thus

uranium has a tendency to concentrate in silie crustal rocks that result
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from differentiation or partial melting (Larsen
1977 and 1981;

Kostav, 1977).

1955;

Gableman,

Siliceous volcanic rocks contain 1.5 to

2.0 times more uranium than their plutonic equivalents (DeVoto, 1978a).
Rhyolites from Area I and possibly from Area II are enrinched in
uranium, thorium and fluorine.

Significant amounts of uranium and thorium

may be lost during explosive rhyolitic eruptions (that would create rhyolitic
tuffs) as a volatile fluoride complex (Rosholt et
1970).

, 1966;

Shatkov et al.,

Thus since the tuffaceous rocks from these areas have lower uranium,

thorium and fluorine contents than the rhyolites, these elements may have
been lost during eruptions as uranium-fluoride and thorium-fluoride complexes
in the volatile phase.
Behavior of Uranium During the Post-Eruptive Processes
Burt and Sheridan (1981) suggest that fluorine-rich rhyolitic dome
complexes may be good source rocks for uranium.

They state that post-

eruptive processes such as vapor-phase crystallization, fumarolic alteration
or the formation of lithophysae releases the uranium from the glass matrix
of the rhyolites and place it in a form that will allow its leaching by
meteoric waters.

Area I rhyolites lack the textural evidence that any of

these processes have affected the rocks.

The uranium within the Area-I

rhyolites may be trapped in the unaltered and relatively impermeable glass
matrix of the rocks thus rendering it unavailable for the formation of
secondary stratabound uranium deposits in the sediments surrounding the
rhyolite domes.
Rhyolitic tuffs have been suggested as possible uranium source rocks
for epigenetic uranium deposits in Wyoming (Granger and Warren, 1978),
in the Texas Coastal Plain (Galloway, 1978), in lignite-bearing urainium
occurrences in South Dakota (Denson et aj_,, 1959) and in the Sierra Penca
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Blanca region. Chihuahua, Mexico (Goodell and Carraway, 1981).

Love (1970)

and Harshman (1972) suggest that the uranium originally present in the
glass or crystalline phases of tuffs is leached by oxidizing, alkaline
groundwaters during diagenetic alteration of the tuffs to clays and zeolites
and is transported to nearby host rocks.

DeVoto (1978b) considers Teachable

uranium released by the dissolution of the glass in pyroclastic rocks an
excellant source of uranium for epigenetic stratabound uranium deposits.
Zielinski (1978) found that uranium can be lost from tuffaceous rocks, but
only during the earliest stages of devitrification; later uranium apparently
becomes immobilized.

Although some uranium may have been lost from the

tuffs in Area I, this probably took place soon after their eruption.

Further

more, there are only minor differences in uranium concentrations between
alteration Group I and Group II tuffs, suggesting that the tuffs were not a
major source of uranium once they were altered to clays and zeolites.
The Th/U diagram in Figure 34 also indicates that there has not been
significant redistribution of uranium during diagenesis.

Henry and Duex

(1981) found that there was no uranium depletion in the Eocene-01igocene
tuffaceous sediments in the Pruett, Duff and Trascotal Formations of the
Trans-Pecos area of Texas as diagenetic alteration increased or strati
graphic position varied.

They explained local enrichment in the tuffs (as

is also seen in the Area II tuffs) by either a greater abundance of glass,
more uranium-rich glass in the rock, or minor local enrichment in uranium
resulting from diagenesis and local redistribution.
e^

Studies by Zielinski

, (1980), Goodell and Trentham (1980), Walton 0978) and Walton et a1.,

(1981) also indicate that the total alteration of glass during diagenesis
in an open meteoric system does not release uranium for migration.
uranium is redistributed locally.

Instead,
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Groundwater data from Wodzicki and Krason (1981a and 1981b) indicates
that the groundwaters in the Tertiary basins of southwest Montana and adjacent
Idaho that contain tuffs and tuffaceous sediments contain very low concen
trations of uranium even though they are undersaturated with uranium.

This

indicates that little or no uranium is being removed from the tuffaceous
rocks today.
Factors that may inhibit uranium removal from diagenetically altered
tuffs and tuffaceous sediments include reduced permeability of the rocks
due to the formation of clays and zeolites and the adsorbtion or precipitation
of uranium by organic debris interbedded with the tuffs and tuffaceous
sediments, and adsorption of the uranium by diagenetic minerals, mainly
smectite and zeolite.

This conclusion is supported by studies elsewhere.

Tsunashima et al. (1981) found that Wyoming montmorilIonite (<2ym particle
size) adsorbed uranyl ions from solution.

In the Reese River Valley of

Nevada, Basinski and Larson (1979) found that uranium is adsorbed from
solutions by zeolites diagenetically derived from rhyolttic volcanic glass.
Katayama ^ al_. (1974) attributed the concentration of uranium in the
tuffaceous sediments of Miocene age in the Tono, Gigo Prefecture, Japan, to
the adsorption by heulandite-clinoptilolite zeolites.
Groundwaters at the moutn of Williams Creek in Area II contain 260 ppb
uranium.

Wodzicki and Krason (1981a) proposed that the brecctated rhyolite

(which also contains the uranium mines In the Seven and Eight Mile Creek
area) is a good source-rock for uranium.

If the rhyolite extends into the

Salmon Basin under the Kirtney Formation, significant amounts of uranium
may be available for the formation of epigenetic uranium deposits.

Presently

there are no known uranium occurrences of sufficient size or concentration
In the Salmon Basin to warrant major exploration, which suggests that the
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uranium leached from the breedated rhyolite may be lost to the Salmon
River.
Behavior of Uranium During Hydrothermal Processes
Goodell and Carraway (1981) found significant loss of uranium from
Tertiary tuffs in the Sierra Penca Blanca region of Chihuahua, Mexico.

They

attribute the uranium loss to groundwaters with a temperature of 100-200°C
that flowed through the rocks.

Zielinski (1981) found that in waters with

temperatures of 90-120°C, 2-3 times more uranium and lithium are leached
and transported from tuffaceous rocks than at 25°C.

He concluded that

temperature has the greatest influence on uranium leaching in tuffaceous
rocks.
Deposition of Uranium and Prospecting Targets
In the areas of this study, the only rocks that have lost uraniim in
appreciable amounts after eruption and emplacement are the hydrothermally
altered tuffs of Unit D in Area III, which lie along the fault that extends
north from Ennis Gulch to Cronks Canyon (Figure 15).

Uranium present in

nearby lignite beds in Unit F (Figure 15) may have originated along this
hydrothermally altered zone.

Siems (1981) notes that there is a high

potential for uranium deposits within the Challis volcanics or the under
lying sediments and that hydrothermal processes may be responsible for the
mobilization of uranium.
In Area II, some brecciated zones within the rhyolite flows contain
high amounts of uranium (96-120 ppm) and produced several tons of uranium.
The mineralization in this zone is probably due to hydrothermal solutions that
flowed through the rocks and concentrated the uranium within the brecciated
zone.

88

CONCLUSIONS
1.

Area I rhyolites have radiometric ages, and uranium, thorium and
fluorine contents similar to the Post-Lowland Creek volcanics in
the Boulder Batholith region and are tentatively correlated with them.

2.

Area II and III volcanics are a part of the Challis volcanics.

Area II

volcanics were locally erupted and are a small satellite volcanic center
separate from the main Challis center.

Area III volcanics lie on the

northeast edge of the main Challis volcanic center.
3.

The rhyolitic domes of Area I contain appreciable amounts of uranium
(417 ppm).

The ash-flow tuffs and tuffaceous sediments associated with

the Area I rhyolite domes lost significant amounts of uranium, thorium
and fluorine in the volatile phase during eruption.
4.

Although some uranium may have been lost from tuffaceous rocks soon
after their eruption, diagenetic alteration of the tuffs did not release
significant amounts of uranium for transport in the areas of this study.
The lack of significant uranium loss may be due to lowered permeability
of the rocks by clays and zeolites or by the adsorption of uranium by
the clays and zeolites.

Furthler work is needed in order to determine the

conditions that are necessary for the release and transport of uranium
from glassy tuffs and tuffaceous sediments under low temperature
conditions,
5.

Hydrothermal solutions leached a significant amount of uranium from the
welded tuffs of Unit D, in the southern part of Area III,

The uranium

may have been transported to the lignite-bearing tuffaceous sediments of
Unit F where it was deposited.

In the Challis volcanics, sediments in

the vicinity of hydrothermally altered welded tuffs may be good explora
tion targets for epigenetic stratabound uranium deposits.
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6-

Breedated rhyolites in Area II contain significant amounts of uranium
(96-120 ppm), which was probably deposited by hydrothermal solutions.
This uranium is being leached from the rocks by present-day groundwaters
which contain 260 ppb uranium.

If the brecciated rhyolite extends into

the Salmon Basin, it may be a major source of uranium.
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